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Fractures of the tibial plateaus are common injuries. Various classification schemes have been
used to describe these injuries. Although each
system has its own purpose, the simpler systems
do not allow comparison with more complex divisions. The problem is compounded by the
variable use of adjectives that describe these
fractures. A comprehensiveclassification of tibial plateau fractures should group fractures that
are similar in topography, morphology, and
pathogenesis, requiring similar treatment, and
having a similar prognosis. Fracture dislocations and standard tibial plateau fractures
should be incorporated into a single classification to avoid the use of two complementary classifications. Any such classificationshould not be
difficult to remember or to use. Keeping in mind
these requirements, the authors devised a simple yet comprehensiveclassification.
The authors studied 80 cases of tibial plateau
fractures from January 1988 to September
1997, and used contemporary classifications of

tibial plateau fractures as a database to formulate the new classification. A new fracture, subcondylar bicondylar with coronal split, has been
classified for the first time. An alphanumeric
system has been developed that has made
nomenclature easy to remember and use. An effort has been made to address the profoundly
confusing issue of variable adjectives that describe these injuries. A review of the literature
shows that fractures in the authors’ classification have been grouped according to similar
pathomechanics, treatment, and functional
results.

The fractures involving the proximal articular
surface of the tibia are grouped loosely and are
defined as tibial plateau fractures. Basically,
these are a conglomerate of two discrete entities. One is the standard tibial plateau fracture,
arbitrarily defined as depression or displacement of the articular surfaces of the proximal
tibia without concomitant significant injury to
the capsule or ligaments of the knee.14The incidence of ligament injuries in these fractures
is approximately 20% to 30%.7,9The second
entity includes a constellation of periarticular
fractures, occult ligament ruptures, and joint
instability. The common radiographic finding
in these cases is either a compression or avulsion fracture of the rim of the articular surface,
not in its central area, or a fracture of the entire condyle accompanied by radiologically
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recognizable injury to the ligamentocapsular
struct~res.'~
The incidence of ligament inThe
juries in these fractures is 60% to
second fracture entities are known as fracture
dislocations, and their pathomechanics, treatment, and prognosis are different from those
of standard tibial plateau fractures. The prognosis of fracture dislocations is intermediate
between that of tibial plateau fractures and
classic knee dislocations, which are defined as
pure ligamentocapsular injuries. l 4
Various classification schemes have been
used to describe these injuries, making comparisons between series and appropriate therapeutic decisions difficult.25 Earlier fracture
classifications were based on the degree of
fracture displacement. These categories encompassed many fracture configurations and
thus were broad. Later fractures were classified according to anatomic types by Palmer in
1951,18 and by anatomic type and extent by
Hohl and Luck in 1956,8and by Muller et a1 in
1979.15In 1979, Schatzker et a123realized the
importance of topographic differences and
morphologic features in classifying these fractures. Therefore, Schatzker et a123modified the
classification of Muller et aI.I5 Later, the classification of Schatzker et a123was extended and
modified by Honkonen and Jarvinen in 1992.
In 1990, Muller et all6 introduced another detailed but complex classification, with more
than 50 types, groups, and subgroups of tibial
plateau fractures based on morphologic features, topographic features, degree of fracture
displacement, the extent of articular involvement, and the amount of metaphyseal comminution. Moore14 described fracture dislocations in 1981, which were classified into five
types. When considered with Hohl's7 plateau
fracture types, these accounted for most of the
tibial plateau fracture configurations seen
clinically. Thus, to avoid the use of two complementary classifications, which become
difficult to use and remember, Hohl and
Moore9 merged their concepts into a new
classification.
However, lack of a workable classification
has led surgeons to use various classifications,

including those of Roberts?O Hohl?
Schatzker,22modified Schatzker by Honkonen
and Jarvinen," Muller et al,I5J6 Hohl and
Moore? and a combination of classifications,
such as the classifications of Muller et all5 and
MooreI4 combined by Tscherne and Lobenhoffer26and the classifications of Muller et all6
and Schatzker22combined by Marsh et al.13
A new classification, its rationale, and its
advantages compared with previous classifications is proposed, and existing classifications and their rationale and drawbacks are
discussed.

CLASSIFICATION
Tibia1 plateau fractures have been divided
topographically into seven broad groups
(Table 1). The first two groups are the lateral
tibial plateau fractures (Fig 1A) and medial
tibial plateau fractures (Fig 1B). These groups
consist of fractures occurring in the sagittal
plane. Fractures involving either tibial plateau
in the coronal plane, with separation of the
fracture fragment posteriorly, have been
grouped under posterior tibial plateau fractures (Fig 1C). This term has been used like
the term posterior malleolar fractures to accommodate coronal splits in the topographic
classification. Coronal splits with separation
of the fracture fragments anteriorly have been
grouped under anterior tibial plateau fractures
(Fig 1D). The peripheral rim of the tibial
plateaus has been identified as a separate topographic landmark with no distinction between
the lateral and medial halves, and its fractures
have been grouped under rim fractures (Fig
1E). Fractures that simultaneously involve
both tibial plateaus have been grouped under
bicondylar fractures (Fig 1F). Finally, fractures involving one or both plateaus with an
additional fracture at the subcondylar level or
at the metaphyseal diaphyseal junction have
been grouped under subcondylar fractures
(Fig 1G).
An alphanumeric system was developed,
which in some respects is similar to those described by Tscherne and Lobenhoffer in
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TABLE 1. Tibial Plateau Fractures:
Authors’ Classification
Topographic
Features
1 , Lateral tibial
plateau fractures

2. Medial tibial
plateau fractures

3. Posterior tibial
plateau fractures
4. Anterior tibial
plateau fractures
5. Rim fractures

6. Bicondylar fractures

7. Subcondylar
fractures

Morphologic
Features
L1-Wedge
L2-Pure depression
L3-Wedge and depression
L4-Total condyle
L5-Entire condyle
M I -Wedge
M2-Pure depression
M3-Wedge and
depression
M4-Total condyle
M5-Entire condyle
P i -Posterolateral split
P2-Posteromedial split
A1-Anterolateral split
A2-Anteromedial split
R1-Rim avulsion fractures
R2-Rim compression
fractures
R3-Rim combination
fractures
B 1-Nonarticular bicondylar
B2-Articular lateral
B3-Articular medial
64-Articular lateral
and medial
S1-Subcondylar lateral
S2-Subcondylar medial
S3-Subcondylar bicondylar
S4-Subcondylar
bicondylar with split

199326and to the A 0 universal classification
system proposed by Muller et al in 1990.16
The main benefit of using this system is to
make the nomenclature easy to remember and
use. It also helps in effectively organizing and
displaying the data. The first letter of each
group is used with a number to describe fractures in a group. Thus, L is used for lateral tibial plateau fractures, which are divided additionally into five subgroups L1 through L5.
Similarly, the other six groups are denoted by
the first letter of their names and divided in
subgroups as shown in Table 1.
Lateral and medial tibial plateau fractures
each are subdivided into five subgroups. Mor-
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phologically, these fractures are similar, but
topographic, pathomechanical, treatment, and
prognostic differences necessitate this stratification. These subgroups are wedge, pure depression, wedge and depression, total condyle,
and entire condyle (Fig 1A-B). All of these
fractures occur in a sagittal plane.
Posterior and anterior coronal splits are
grouped separately under posterior tibial
plateau fractures and anterior tibial plateau
fractures, respectively. Each of these is divided into two types, posterolateral and posteromedial splits (Pl, P2) and anterolateral
and anteromedial splits (Al, A2), respectively
(Fig IC-D).
The fifth group is that of rim fractures. The
topographically significant feature is the rim
itself and not its medial or lateral halves.
These fractures have been subdivided into
three types: rim avulsion fractures (Rl), either lateral or medial; rim compression fractures (R2), either lateral or medial; and rim
combination fractures (R3) with lateral avulsion and medial compression or vice versa
(Fig 1E). Because the basic mechanism of injury causing all rim fractures is the same,
avulsion and compression fractures can be
seen in the same knee.I4 Avulsion of Gerdy’s
tubercle is included in lateral rim avulsion
fractures as suggested by Moore,14 but avulsion of the fibular styloid, tibial spines, and
tibial tuberosity have been considered associated fractures and are not included in the classification presented here.
Bicondylar fractures have been divided
into four subgroups:nonarticular; articular lateral (both plateaus are fractured but there is
predominant involvement of the lateral
plateau); articular medial; and articular lateral
and medial. Nonarticular bicondylar fractures
have been described as extraarticular bicondylar fractures (Type 5A) by Schatzker et al,23
and as inverted V fractures by Hohl and
Moore.9 In this type of fracture, articular cartilage is not involved because the fracture lines
begin near the median eminence. Because of
the attachments of respective collateral and
cruciate ligaments to the sheared fragments,
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Fig 1A-D. Comprehensive topographic and morphologic classificationof tibial plateau fractures. Mechanisms of injury also are shown. (A) Lateral tibial plateau fractures: wedge (LI), pure depression (L2);
wedge and depression (L3); total condyle (L4); entire condyle (L5). (B) Medial tibial plateau fractures:
wedge (MI),pure depression (M2); wedge and depression (M3); total condyle (M4); entire condyle (M5).
(C) Posterior tibial plateau fractures: posterolateral split (Pl); posterornedial split (P2). (D)Anterior tibial plateau fractures: anterolateral split (Al); anteromedial split (A2). (continues)
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Fig 1E-G. (continued) (E) Rim fractures: rim
avulsion (Rl); rim compression (R2); combination
fractures (R3). (F) Bicondylar fractures: nonarticular (B1), articular lateral (B2); articular medial
(B3), articular lateral and medial (84). The essential distinguishing feature from the subcondylar bicondylar fractures is the continuity of the metaphysis and the diaphysis. (G) Subcondylar fractures:
subcondylar lateral (SI),subcondylar medial
(S2), subcondylar bicondylar (S3),subcondylar
bicondylarwith coronal split, which may involve either of the plateaus and be posterior, anterior, or
combined anterior and posterior. Moore’s fourpart fracture dislocation has been included in subcondylar fractures. A double shadow on the side
of the coronal split may be visible in the anteroposterior view and a step-off in the lateral view
with an inverted V sign in combined anterior and
posterior coronal split.
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traction frequently effects acceptable reduction. Articular bicondylar fractures are those
in which the fracture line begins within the articular cartilage (Schatzker et a1,23Type 5B).
These fractures have been grouped according
to the location of the principal articular lesion,
whether predominantly lateral, predominantly
medial, or lateral and medial. An anatomic reduction cannot be achieved in these fractures
with traction. Thus, closed reduction has no
role in the treatment of this type of fracture
with significant displacement. Fractures with
predominant involvement of the lateral
plateau have a better prognosis.
According to H ~ h lsubcondylar
,~
fractures
are those that are associated with subcondylar or upper tibial shaft fracture. Schatzker et
a123defined these as fractures in which the
metaphysis is separated from the diaphysis.
These fractures cannot be reduced by closed
means or by indirect methods before internal
fixation as traction results in separation at the
metaphyseal diaphyseal junction or higher at
the subcondylar (epiphyseal) metaphyseal
junction. In addition, angular deformity may
develop at these levels, which subsequently
would affect adversely the long-term results
of treatment. Thus, fractures occurring anywhere from the subcondylar level to the
metaphyseal diaphyseal junction have been
classified as subcondylar fractures. The
prognosis becomes worse as the amount of
comminution increases in this region, so
Moore14 and Hohl and moo re^'^ four-part
fracture dislocation has been included as a
subgroup of subcondylar fractures, termed
subcondylar bicondylar fracture. Subcondylar fractures have been divided into four subgroups, S l to S4 (Fig 1G): subcondylar lateral (involvement of only the lateral plateau);
subcondylar medial; subcondylar bicondylar;
and subcondylar bicondylar with split (coronal). The split may involve either of the
plateaus and be posterior, anterior, or combined anterior and posterior. The last split has
been classified for the first time, although it
seems to have been recognized by others. 1,5,12,26 The fracture configuration at the

subcondylar or metaphyseal diaphyseal junction may be oblique in the sagittal plane,
oblique in the coronal plane, transverse, or
comminuted. l6

MATERIALS AND METHODS
One hundred thirteen cases of tibial plateau fractures were studied retrospectively at the authors’
hospital between January 1988 and September
1997. Difficulties were encountered in classifying
these injuries. Many of these injuries could not be
classified using any of the known classifications,
and most of the fractures with different topographic features, morphologic features, pathophysiologic characteristics, and treatment were
grouped together as one entity in most of these
classifications. Another problem was the use of
variable adjectives to describe these injuries.
These difficulties led to the development of a new
comprehensive topographic and morphologic classification with similar pathophysiologic features,
treatment, and prognosis. An attempt was made to
standardize the use of variable adjectives that describe these injuries.
The classification was based on the data available from 80 of 113 cases. Sufficient data were not
available in 33 of the 113 cases that subsequently
were eliminated from the study group. Because of
the inadequate number of fractures, contemporary
classifications of tibial plateau fractures also were
used as a fracture database to formulate the new
classification,~9~~~~~4,15,~6,22,23

RESULTS
Eighty cases treated between January 1988
and September 1997 were studied. The mean
age of the patients was 42 years (range, 24-72
years). Men outnumbered women by four to
one. Standard tibial plateau fractures were
present in 75% of the cases and fracture dislocations in 24% of the cases. The most common
mode of injury was a traffic accident, followed
by an automobile and pedestrian accident.
Less commonly the injuries involved falls or
gunshots.
The distribution of fracture types in the
study group, according to the authors’ classification, is shown in Table 2.
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TABLE 2. Distribution of Fracture Types
According to Authors' Classification
Fracture Types

Number

L1
L2
L3
L4
L5
M2

02
02
22
05
02
01
02
03
07
01
01
05
01
03
07
16

M5
P1
P2
A1
A2
R1
84
s1

s3
s4
n

=

80 fractures.

DISCUSSION
Fractures of the tibial plateaus are common
and difficult to treat, and the optimum treatment is a matter of controversy. The anatomic
differences between lateral and medial tibial
plateaus should be considered when treating
these injuries. Several investigators have
shown that, on weightbearing, loads are not
applied equally to the entire joint surface, but
are transmitted over small areas of the tibial
plateau, with the medial joint surface bearing
a larger load than the lateral surface. The
menisci are major load transmission and loadbearing structure^.^,'^ It has been shown in
experiments with anatomic specimen knees
that almost the entire load of weight borne on
the lateral compartment is carried by the lateral m e n i ~ c u sIn
. ~ contrast, load distribution
on the medial side is shared equally by the
medial meniscus and the exposed articular
cartilage. The weightbearing function of the
lateral meniscus may explain why functional
results after lateral plateau fractures are usually good to excellent, despite the sometimes
unsatisfactory radiographic appearance. This
function also may explain the higher frequency of less satisfactory functional results
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in the medial tibial plateau fractures. Additional credence has been provided by an
arthroscopic evaluation of tibial plateau fractures in which it was found that the lateral tibial plateau fracture consistently is covered
well by the lateral meniscus, which is the true
weightbearing surface.
In contrast, the medial condylar fracture
frequently shows osteochondral defects in the
weightbearing surface medial to the menisC U S . ~In addition, fractures of the medial tibial
plateau, with or without an associated fibular
fracture, and particularly those with significant obliquity, readily collapse in varus if subjected to weightbearing. Lateral tibial plateau
fractures with associated fibular fracture have
a tendency to collapse in valgus because of
the loss of support provided by the intact
f i b ~ l a . ~Similarly,
.~'
medially tilting and axial
bicondylar fractures have a tendency to collapse in varus, whereas laterally tilting bicondylar fractures have a tendency to collapse
in valgus.IOJ1Studies have shown that subjective and functional results of varus deformity
are worse than a comparable valgus deformity.lOJ This observation necessitates different treatment for medial tibial plateau fractures than for lateral tibial plateau fractures,
which carry a different prognosis.
Lateral tibial plateau fractures result from a
strong valgus force combined with axial loading.7,9 Medial tibial plateau fractures are
caused by a strong varus force combined with
axial l ~ a d i n g . Posteromedial
~.~
coronal split
occurs as a result of varus forces combined
with axial loading in a hyperflexed knee.14
This observation could lead one to think that
the rare anterior coronal split of either tibial
plateau would be the result of varus or valgus
forces combined with axial loading in extension or hyperextension of the knee. Rim avulsion and compression fractures result from severe valgus or varus forces leading to avulsion
of a ligamentocapsular attachment from the
peripheral rim of the tibial plateau on the side
of the ~ t r e s s .If~the
~ ~force
~ ' ~continues, a compression fracture of the peripheral rim of the
condyle occurs on the opposite side of liga-
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ment rupture or avulsion. Thus, rim avulsion
and compression fractures can be seen in the
same knee.
Bicondylar and subcondylar fractures result from severe high energy trauma and a
combination of mechanisms such as varus or
valgus stresses combined with axial loading,
which may be concentrated on the lateral or
the medial side or be applied more equally to
both side^.^.^," Bicondylar subcondylar fractures with coronal split result from a combination of mechanisms mentioned, with hyperflexion leading to posterior coronal split of
either or both tibial plateaus or extension and
hyperextension leading to an anterior coronal
split or a combination of anterior and posterior
coronal splits. Thus, the proposition that all of
the tibial plateau fractures, including the medial ones, are caused by a mechanism that first
involves the lateral tibial plateau is incorrect.2

Existing Classifications
of Tibia1 Plateau Fractures
Rationale and Drawbacks

In 1979, Muller et all5proposed a simple classification. It groups fractures into wedge, depression, wedge and depression, and comminuted fracture types (bicondylar Y and T
fractures). Essentially, this is a morphologic
classification and thus does not differentiate
between lateral and medial tibial plateau fractures. It does not include fracture dislocations,
as described by Moore.14It has been used in
conjunction with Moore's classification of
fracture dislocations.26
Schatzker et a123 modified the A 0 group
classification. Because of differences in pathophysiologic factors, prognosis, and treatment,
medial tibial plateau fractures were considered
a distinct entity from lateral tibial plateau fractures. Two types of bicondylar fractures also
were recognized. The advantages of this classification are that it incorporates topographic
and morphologic characteristics,pathophysiologic factors, and treatment. The topographic
significance of the medial tibial plateau has
been recognized in this classification,but three
morphologic types of medial tibial plateau (to-
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tal, entire condyle, and pure depression) with
different treatments and prognoses have been
grouped together. With this system, many fractures still remained unclassified.
In 1992, Honkonen and Jarvinedl additionally modified the classification of Schatzker et
al.23They divided the bicondylar fractures into
medially tilting, laterally tilting, and axial fractures. They based their arguments on the standard indications for treating tibial plateau fractures being generally based on displacement or
on instability, but no differentiation is made
between varus and valgus injuries. The tendency of inadequately fixed medial tibial
plateau fractures to collapse into varus has
been r e p ~ r t e d . ~They
, ~ , ~ 'found the same phenomenon occurred in medially tilting and axial
bicondylar fractures. They also showed that
functional and subjective tolerance of varus
deformity is lower than that of valgus deformity.lOJ1Their classification attempted to expand the significance of topographic features
to bicondylar fractures and to incorporate treatment options and prognosis in classifying these
fractures. However, they ignored subcondylar
fractures described by Schatzker et al,23 believing the classification of Schatzker et a123divides bicondylar fractures into bicondylar fractures and subcondylar fractures. In addition,
fracture dislocation^^^ described by Moore
have not been included in these classifications,
resulting in numerous unclassifiable fractures.
The other system of classification was proposed by Hohl and Luck in 1956.8It describes
undisplaced, local depression, split depression, and split fractures. H0hl~3~
expanded the
classification and revised the terminology to
undisplaced, local compression, split compression, total, split and comminuted (bicondylar) fractures. This was a morphologic
classification that did not take into account
topographic and pathophysiologic factors.
In 1981, MooreI4 described fracture dislocations of the knee. These dislocations were
divided into five types: Type I (split); Type I1
(entire condyle); Type I11 (rim avulsion); Type
IV (rim compression), and Type V (four part
bicondylar fractures).
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Hohl and Moore9 merged their concepts
into a new classification. This classification
essentially divides fractures into nonarticular
(pure subcondylar) and intraarticular.
Intraarticular fractures are divided into
minimally displaced (< 4 mm) and displaced.
Displaced fractures additionally are subdivided into seven types: local compression,
split compression, total depression, split, rim
avulsion, rim compression, and bicondylar
fractures. According to Hohl,7 this classification system is popular among North American
surgeons. It has certain limitations. First, the
division of tibial plateau fractures into nonarticular and intraarticular is inappropriate. As
in the classification by Schatzker et alF3 in
Type 5A bicondylar fractures, the fracture
lines may be nonarticular, beginning near the
median eminence. Similarly, rim avulsion or
compression fractures may be nonarticular.
Second, although it considers medial tibial
plateau fractures as a separate entity, it groups
these together with the lateral tibial plateau
fractures. Third, two morphologic types, total
depression and entire condyle, have been
grouped together, and finally, bicondylar fractures and subcondylar fractures also have been
grouped together. However, many fractures
remain unclassified, such as pure depression
of the medial plateau; posterolateral, anterolateral and anteromedial coronal splits; and
subcondylar lateral, medial, and subcondylar
bicondylar fractures with coronal split.
Currently, the universal classification of
Muller et all6 is popular. An attempt to classify numerous different fractures of the body
according to a particular classification system
is appreciated but may not be practicable, such
as in the knee, where topographic differences
resist any such generalization. This classification is the best among the existing classifications because of its comprehensive nature,
although true rim avulsion fractures and subcondylar lateral, medial, and subcondylar bicondylar fractures with coronal split remain
unclassified. Although topographic features
have been considered, the stress primarily has
been on a morphologic basis, resulting in
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grouping of fractures with different prognostic significance and treatment. Because this
classification also takes into account the extent
of the injury, it has become broad and thus is
difficult to remember and bulky to use.

Standardization of Variable Adjectives
The definition of minimally displaced fractures varies or is unspecified by various auA review of the literature shows
thors.7J0,25,26
the amount of depression considered to be significant has ranged from 2 to 10
Minimally displaced fractures involve one or both
plateaus with various fracture configurations.
A minimally displaced fracture may have significantly displaced at the time of injury and be
inherently unstable. These fractures generally
are treated by nonoperative mean^.^.^ However, topographic and morphologic differences in fractures do not support any such generalization. Honkonen'O considers a step-off
of less than 3 mm in a lateral tibial plateau
fracture as minimally displaced and thus a
candidate for nonoperative treatment. However, all fractures of the medial tibial plateau,
except fissures, medially tilting, and axial bicondylar fractures, irrespective of the amount
of displacement, are considered potentially
unstable, and thus are candidates for operative
treatment with rigid internal fixation. Therefore, the degree of displacement is not a useful criterion to group together fractures with
different topographic features, morphologic
features, treatment, and prognosis. It can be
described only for individual fracture types
and should serve as an indication for surgery.
The issue of variable adjectives is confusing when one considers displaced fractures.
The terms impression, compression, depression, crumbly, impaction, and displacement
have been used synonymously to mean longitudinal translation distally of the tibial articular surface only or to mean complete longitudinal translation of the fractured condyle
distally.
R a s m ~ s s e n 'described
~
depression of the
tibial plateau as vertical displacement of the
cartilage covered joint surface, as seen on latmm.24925
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era1 radiographic projection. The depression
can be total, in one piece or mosaiclike of the
whole articular surface, or partial, involving
only the central, anterior, or posterior parts of
the articular surface of the tibial plateau.I6Depression has been accepted and used by two
author^.^,^^ Muller et all6 later modified the
terminology to pure depression. The other terminology used for such fractures is local comp r e ~ s i o n .Ra~mussen'~
~,~
described compression as crushing of the subchondral bone.
There is no doubt that subchondral bone gets
compressed and is displaced vertically downward under the collapsing articular cartilage in
this type of fracture. However, the term compression has been used synonymously by
Hoh17 and Hohl and Moore9 to denote local
compression fractures of the articular surface
of the tibial plateau and also to denote crushing of its peripheral nonarticular part, the rim
compressionfractures. To avoid confusion between these two uses, the term compression is
reserved by the current authors for rim compression fractures only. In addition, the decision to use operative or nonoperative treatment involves the amount and extent of joint
depression and not the amount and extent of
joint compression. The prefix local is inappropriate because the depression can involve
part or all of the articular surface. Thus, the
prefix pure is more appropriate. To avoid two
terms for one type of fracture, the authors prefer the term pure depression, as described by
Muller et a1.I6
Wedge and split are terms that are used synonymously. R a s m ~ s s e ndescribed
~~
split fracture as the one in which the margin of the
condyle of the tibia, usually as one large fragment but occasionally as two or three small
fragments, is separated from the rest of the
condyle in a sagittal plane with only slight
crushing of the bone bordering the fracture defect. Other a ~ t h o r s ~ ,have
~ J ~used
J ~ the term
split for a fracture of one of the condyles of the
tibia in the coronal plane, which usually involves the medial plateau and is more commonly posterior but can be anterior. However,
other author^^,^^ have used the terminology
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wedge fracture for separation of the margin or
part of the condyle in the sagittal plane. The
synonymous use of the term split in describing
two different types of fractures is confusing. In
the current study, the term split is reserved for
a fracture of condyles in a coronal plane, either
anterior or posterior, and the term wedge for
fracture separation in the sagittal plane. Arbitrarily, a wedge fracture can be said to involve
half or less of the articular surface of either tibial plateau in a sagittal plane to differentiate it
from fracture of the entire condyle.
To elaborate on this description, one can rationalize that a wedge and d e p r e s ~ i o nfrac~.~~
ture would be one in which, apart from the
separation of the margin of the condyle of the
tibia in a sagittal plane, there is concomitant
vertical displacement of the cartilage covered
joint surface bordering the fracture defect,
which can be seen on a lateral radiograph.
Some a ~ t h o r s ~have
, ~ , used
~ ~ split compression to describe such fracture type. For reasons mentioned, the terms wedge and depression are preferred to that of split compression.
The terminology total depression has been
used by Hoh17 and by Hohl and Moore9to describe an oblique fracture of the lateral or medial condyle in a sagittal plane that begins near
the intercondylar eminence but does not include it and extends to the cortex of the medial
or lateral tibial flare respectively. It is essentially complete longitudinal translation of the
entire fractured condyle distally, rather than
longitudinal translation distally of the tibial articular surface only, as in pure depressionfractures. However, as described, total depression
fractures have been described by Muller et
all6 as a subgroup of pure depression fractures
for which only the whole of the articular surface of one of the condyles of the tibia, and not
the entire condyle, is translated distally. Thus,
it seems appropriate to use the terms total
condyle in line with the terms entire condyle
used by Moore14(to describe a similar fracture
but one that also includes the intercondylar
eminence as part of the fractured condyle or as
a separate piece, Moore's Type I1 fracture dislocation) in place of the term total depression.
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Schatzker et a123have used the terms extraarticular and intraarticular to classify bicondylar fractures. All of these fractures are in
the knee and thus intraarticular. Better terms
would be nonarticular, meaning not involving
articular cartilage, and articular, meaning involving articular cartilage.
Because each classification has its own
purpose, the simpler classifications tend to
group together different fractures in one category. However, more complex divisions
tend to stratify these injuries on the basis of
the extent with other parameters, such as
topographic and morphologic characteristics.
This has made them too extensive to use and
difficult to remember. It is imperative to consider the anatomic differences between the
weightbearing surfaces of the lateral and medial tibial plateaus when treating these injuries. Thus, a comprehensive classification
of tibial plateau fractures should group fractures that are similar in topographic features,
morphologic features, pathogenesis, treatment, and prognosis. Fracture dislocations
and standard tibial plateau fractures should
be incorporated in one classification to avoid
using two complementary classifications.
Any such classification should not be difficult to remember or use.
The authors’ classification is comprehensive because it includes all of the fracture
types reported in the literature, barring those
based on the extent of injury. A new fracture
(the subcondylar bicondylar with coronal
split) has been classified for the first time, although it seems to have been recognized by
others.1,5,12,26 An alphanumeric system has
been developed that has made nomenclature
easy to remember and use. Fractures have
been grouped according to similar pathomechanics. An effort has been made to address
the confusing issue of variable adjectives that
describe these fractures. This effort should
help in the understanding of treatment evaluation and comparison between series. The authors’ classification system combines the clas~ , ~ et al,15J6
sification systems of H ~ h l ,Muller
Schatzker et al,23and Hohl and Moore.9

Tibial Plateau Fractures
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Tibial plateau fractures are a conglomerate
of injuries with differences in topographicfeatures, morphologic features, pathomechanics,
treatment, and prognosis. These differences
have to be considered when classifying and
treating these injuries.

Acknowledgments
The authors thank the residents and medical students who helped in the collection and preparation
of the data. The authors especially thank Aslam
Bashir and Amir Tariq for help in preparing illustrations and photographs, and Sulaiman Sadruddin,
Syed Hameedudin, and Aziz G . Hayder for secretarial assistance.

References
1. Bendayan J, Noblin JD,Freeland AE: Posteromedial
second incision to reduce and stabilize a displaced
posterior fragment that can occur in Schatzker Type
V bicondylar tibial plateau fractures. Orthopedics
19:903-904, 1996.
2. Charles T: Fractures of Lower Extremity. Tibial
Plateau Fractures. In Crenshaw AH (ed). Campbell’s
Operative Orthopaedics. Vol 2. Ed 8. St Louis,
Mosby Year Book 826842,1992.
3. Delamarter R, Hohl M: The cast brace and tibial
plateau fractures. Clin Orthop 2422631,1989.
4. Duwelius PJ, Connolly JF: Closed reduction of
tibial plateau fractures: A comparison of functional
and roentgenographic end results. Clin Orthop
230: 116126, 1988.
5. Georgiadis GM: Combined anterior and posterior
approaches for complex tibial plateau fractures. J
Bone Joint Surg 76B:287-289, 1994.
6. Hohl M: Tibial condylar fractures. J Bone Joint Surg
49A:1455-1467, 1967.
7. Hohl M: Fractures of the Proximal Tibia. In Rockwood CA, Green DP, Bucholz RW (eds). Fractures
in Adults. Philadelphia, JB Lippincott Company
1725-1761,1991.
8. Hohl M, Luck JV: Fractures of the tibial condyle: A
clinical and experimental study. J Bone Joint Surg
38A:1001-1018,1956.
9. Hohl M, Moore TM: Articular Fractures of Proximal
Tibia. In Evarts CM (ed). Surgery of the Musculoskeletal System. Vol4. Ed 2. New York, Churchill
Livingstone 3471-3497,1990.
10. Honkonen SE: Indications for surgery treatment of
tibial condylar fractures. Clin Orthop 302: 199-205,
1994.
11. Honkonen SE, Jarvinen MJ: Classification of fractures of the tibial condyles. J Bone Joint Surg
74B:840-847, 1992.
12. Lobenhoffer P, Gerich T, Bertram T, et al: Particular
posteromedial and posterolateral approaches for the
treatment of tibial head fractures. Unfallchirurg
100:957-967,1997.
13. Marsh JL, Smith ST, Do TT: External fixation and

242

Clinical Orthopaedics
and Related Research

Khanetal

~~

14.
15.

16.
17.
18.
19.

20.

limited internal fixation for complex fractures of the
tibial plateau. J Bone Joint Surg 77A:661473,1995.
Moore TM: Fracture-dislocation of the knee. Clin
Orthop 156:128-140, 1981.
Muller M, Allgower M, Schneider R, Willenegger
H: Patella and Tibia. In Allgower M (ed). Ed 2. Manual of Internal Fixation. New York, Springer Verlag
553-594,1979.
Muller ME, Nazarian S, Koch P, Schatzker J: The
Comprehensive Classification of Fractures of Long
Bones. New York, Springer-Verlag 148-156, 1990.
Padanilam TG, Ebraheim NA, Frogmen A: Meniscal detachment to approach lateral tibial plateau fractures. Clin Orthop 314:192-198, 1995.
Palmer I: Fractures of the upper end of the tibia. J
Bone Joint Surg 33B:160-166, 1951.
Rasmussen PS: Tibial condylar fractures: Impairment of knee joint stability as an indication for surgical treatment. J Bone Joint Surg 55A:1331-1350,
1973.
Roberts JM: Fractures of the condyles of the tibia:
An anatomical and clinical end result study of one

21.

22.

23.
24.
25.
26.

hundred cases. J Bone Joint Surg 50A:1505-1521,
1968.
Sarmiento A, Kinman PB, Latta LL: Fractures of the
proximal tibia and tibial condyles: A clinical and laboratory comparative study. Clin Orthop 145: 136149,1979.
Schatzker J: Fractures of the Tibial Plateau. In Chapman MW, Madison M (eds). Operative Orthopaedics. Vol 1. Philadelphia, JB Lippincott Company
421434, 1988.
Schatzker J, McBroom R, Bruce D: The tibial plateau
fractures: The Toronto experience 1968-1 979. Clin
Orthop 138:94-104, 1979.
Segal D, Mallik AR, Wetzler MT, Franchi AV,
Whitelaw GP: Early weight bearing of lateral tibial
plateau fractures. Clin Orthop 294:232-237, 1993.
Shybut GT, Spiegel PG: Rigid internal fixation of
fractures: Tibial plateau fractures. Clin Orthop
138:12-16, 1979. Editorial.
Tscherne H, Lobenhoffer P: Tibial plateau fractures:
Management and expected results. Clin Orthop
29297-1 00, 1993.

